Abstract-Gene Regulatory Network (GRN) mainly refers to the behavior of thousands of genes (inside the chromosome of cell) with other genes. Each gene has expression levels and interaction with other genes. Due to the invention of "DNA microarray technology" in biotechnology, we are able to find gene expressions from real genetic regulatory networks. Now it's the time to find interactions among genes from gene expressions. If we can find those values then we can predict our gene behavior much early. Thus it can be a revolutionary step towards medicine and diagnosis sector. If we reach better accuracy then it will also help us to develop tissue and organs. That means, for chronic disease or any other problem if one's heart cannot pump blood, then he can repair his heart by making a new heart developed from the muscle cells from any other organ of his body. Biological systems are very much complex in nature. And Ssystem is a recent and popular class to model biological systems. Hence, we are using S-system class for modeling. Genetic Regulatory Networks contain a large number of genes and artificial bee colony is best suited for population based problems. Thus, we are proposing an inference algorithm of gene regulatory network on the framework of artificial bee colony algorithm and S-system class of ordinary differential equations (ODEs).
INTRODUCTION
Inside a cell, gene gives instruction and protein executes them. So, genes actually tell cells, what to do by giving instructions on protein creation. A number of genes interacting with each other in a cell make a gene regulatory network (GRN). With the help of DNA microarray technology we can read expression levels of genes. Now we need a reverse engineering process to find out the interactions from expressions. The reverse engineering process to find out from the network is called inference. Thus, we are using Artificial Bee Colony algorithm with Ssystem model for inferring Gene Regulatory Network.
This research paper contains seven sections. Section 2 describes the motivation, aims and objective of this research, section 3 describes related biological topics, section 4 describes the proposed framework (S-system and artificial bee colony algorithm), section 5 presents the experimental results, section 6 presents the discussion about the results and section 7 summarizes the whole research with its future scopes.
II. MOTIVATION
There was a time when diseases were identified after watching the symptoms of patients. Then with the development of medical science, diseases were treated testing blood, cough, stool, urine etc. But these processes are not enough efficient to identify a disease too early. Many people do not get enough time for treatment even after the disease is identified. The reason is we could not identify the disease at early stage. If we can understand and manipulate gene expressions of GRN at the cellular level, and then we can easily identify a disease before it can spread over the whole body [11] . Unveiling gene regulatory network will allow us in tissue development. And more accurate knowledge of GRN shall lead us towards replacement tissues even whole organ of a body. For example if one's heart is having a chronic disease or injury and unable to pump blood then he may have the heart repaired from the new muscle cells developed from other cells from his own body [11] . Grabbing information about genetic networks will allow us to develop more nature friendly organisms. And we can use them in agricultural fields for killing insects. We won't have to use insecticides or chemicals which decrease the crop production and also hamper the fertility of land [11] . Several modeling techniques are available to reconstruct gene regulatory network. For example Boolean Networks , Bayesian Networks, Dynamic Bayesian Network , Linear Time Invariant, System of Ordinary Differential Equation (ODEs), Neural Networks etc. All of these framework face the complexities associated with the problem of huge number of parameter estimation along with a large number of inputs. To address those problems S-system model is used. It deals with the complex non-linear behavior. Side by side, an algorithm based on the framework of artificial bee colony is used for inference.
III. RELATED BIOLOGICAL STUDIES

A. Genetic Regulatory Network
A gene regulation system is made up of genes, ciselements and regulators. Regulators are mainly protein. The genes, regulators and regulatory connection between them make a genetic regulatory network [9] . Genetic regulatory network is the virtual mapping of gene regulation in living cells. Thus, it helps us to interpret the system behavior of living organisms [1] .
. B. DNA Microarray
Human genome is called the complete set of genetic information for humans (Homo Sapiens). This information is encoded as DNA sequences within the 23 chromosome pairs in cell nuclei. And a human genome contains between 30,000 and 35,000 genes encoded 3.1 billion total nucleotide base pairs (A,C,T,G) [11] . Now if we select genes one by one and try to evaluate its interaction with other genes, then it will be very expensive and time consuming. But due to the advancement of biotechnology several methods has been developed to measure gene expression levels. Among those methods "DNA microarray" is one, which can measure gene expression efficiently. Using DNA microarray we can measure expression level of thousands of genes simultaneously [1] .
.
C. Gene Expression Profiling
The measurement of the expression level of a large number of genes at a specific time is called gene expression profiling which creates a global picture of cellular function. These profiles have got the ability to distinguish between cells that are actively dividing. These profiles also show the cells reaction to a particular treatment [4] . Several experiments of this type can measure an entire genome simultaneously. With the advancement in biotechnological sector, DNA microarray technology was invented. This technology can measure the relative expression of previously identified target genes. Sequence based techniques, like serial analysis of gene expression are also used for gene expression profiling. Expression profiling finds out new information of genes behavior under new conditions. Overall, microarray technology produces reliable expression profiles. Many times more efforts are given to analyze these data than performing initial expression [1] .
IV. PROPOSED FRAMEWORK
A. S-System Model
Biological systems are very much complex in nature. So it is not very easy to model a biological system. But we can model using systems of ordinary differential equations (ODEs). S-system is a recent as well as popular class of ODEs for modeling biological systems. The parameters of an Ssystem are generally estimated from time course profiles [3] .
Interacting components of organisms together make a biological system. The process of expression and the interaction of these components are nonlinear [2] . A nonlinear system means its output is not directly proportional to its input. For example, we cannot predict the exact weather forecast because a simple change in one part of the system creates complex effects throughout. S-system class can be used to model the gene expressions having nonlinear behaviors. An S-system that represents the dynamics of n gene is described as:
Where,  means the expression level of i-th gene  n means the total number of genes in the network.  and represent constant scale parameter, indicating the intensity of the relationship between and other genes in the network.  g i,j and h i,j are exponential parameters, indicating the action of whether gene i activates or inhibits gene j respectively [2] .
For example, in figure-1 a network is developed from the values of respective parameters of the equation of Ssystem. 
B. Mutation
Mutation is a genetic operator used to maintain genetic diversity from one generation of population of a genetic algorithm (GA) to the next. It is analogous to biological mutation. In mutation the value of one or more gene gets changed in a chromosome from primary state [5] . In mutation the solution may change entirely from the previous solution. Thus genetic algorithm gives better solution if it uses mutation. Mutation occurs during evolution according to a user definable mutation probability. The old example of a mutation operator gives a probability that a single bit in a genetic sequence will be changed from its primary state. The purpose of mutation operator is preserving and introducing diversity.
A common way of doing mutation operation is for each target vector X i G with i = 1, 2……N, a mutant vector V i G+1 is generated based on the following equation:
Here, the integer r1, r2 and r3 represent random and mutually different indexes and also different from i. F is known as the scaling factor and controls the amplification of the differential variation.
C. Crossover
Crossover is the operation which takes more than one parent solution and produces a new child solution from them. Different types of crossover include single point crossover, two point crossover, uniform crossover, arithmetic crossover etc. Crossover often involves the property crossover probability based on which value is inherited in child solution from the parent [26] . Setting up this parameter properly impacts the performance of solutions in later generations. One common approach to perform crossover is fitness proportionate selection. In this selection procedure each solution is assigned with a fitness value and the probability of that solution depends on the fitness level. A higher fitness valued solution will have the higher possibility of selection. The following equation is used for crossover:
Here, means probability, n means number of genes and means fitness of .
D. Artificial Bee Colony Algorithm
Artificial Bee Colony (ABC) is one algorithm which has been most widely studied on and applied to solve real world problems. This algorithm was developed by Karaboga in 2005. And it has also been researched and developed more efficiently by Karaboga himself and several other people [8] .
This algorithm has been used in several promising sectors. Like Neural Network, image processing, wireless sensor network, different engineering problems purposes etc. [8] . The general algorithmic structure of ABC optimization approach is given below: 1. Initial Phase 2. REPEAT 3.
Employed Bees Phase 4.
Onlooker Bees Phase 5.
Scout Bees Phase 6.
Memorize the best solution achieved so far 7. UNTIL (Cycle = maximum Cycle Number or a maximum CPU time)
In robust search process, exploration and exploitation process must be carried out together. In Artificial Bee Colony algorithm different types of bees got different works. For example, the scout bees control exploration process and the employed bees and onlookers' perform the exploitation process in search domain. The number of employed bees and onlookers are equal to the number of population. The employed bee whose food source has been exhausted becomes a scout bee. The position of an enhanced nectar amount of food represents a possible solution to the optimization problem. When using artificial bee colony algorithm, to optimize a function, potential food source represents a potential solution to the problem. Nectar amount of a food source denotes the quality of the solution.
E. Proposed Algorithm
In this research work an algorithm is designed to infer gene regulatory network with S-system model and ABC algorithm. Two genetic algorithm (GA) operators namely mutation and crossover has also been used. Here, food sources are the candidate solutions. Nectar amount is the fitness of a solution. Employed and onlooker bees find out neighbor food sources or new solutions using mutation and crossover operators. The scout bee phase occurs after the specific interval of the overall process. The algorithm works as follows: In this research paper for the reconstruction of gene regulatory network an inference algorithm has been developed on the framework of artificial bee colony algorithm and S-system. Based on the equation of S-system model we are generating sample networks and selecting through artificial bee colony algorithm. The efficiency of the algorithm increases if the estimated expression level found by the best solution has less error compared to the target expression level. Thus we can construct our network on the parameters inside the best solution. The algorithm was tested by 4 datasets containing noiseless data, 5% noisy data, 10 % noisy data and also SoS DNA real data. On a network of 5 genes for 11 time series we estimated (12 x 5 x 11) = 660 parameters for each dataset. The code of the proposed algorithm is written in Java programming language on NetBeans platform. While tested on a machine of 4GB ram and core i5 processor it takes an average time of 50-60 minutes to give the result of one dataset of time series 11. This time increases with the increase of noise level. Onlooker bee number) F(Scaling factor) .5
The code of the proposed algorithm is written in Java programming language on NetBeans platform. While tested on a machine of 4GB ram and core i5 processor it takes an average time of 50-60 minutes to give the result of one dataset of time series 11. This time increases with the increase of noise level. Below, we shall see the estimated vs target graph of different datasets. As we have a large number of parameters (660) [39] which use the same datasets we used in our research. But it uses a different model namely "Linear Time Invariant". We found our model "S-system" showing much better performance than Linear Time Invariant. Secondly, if we see the target vs estimated graphs, then all the graphs show excellent results. Both the target and estimated lines almost superimpose one another in all datasets, which is a clear indication of high accuracy. Lastly, the average relative error percentage for noiseless, 5% noisy, 10% noisy and real data is 0.0013, 0.0018, 0.0019 and 0.0176 which is promising and the sensitivity is 1, 0.99, 0.98 and 0.95 respectively which also proves the high accuracy of our identified parameters. Time period wise parameter estimation and the exponential behavior of S-system model are the two key points for this high accuracy of the results.
VII. CONCLUSION AND FUTURE WORK
Gene regulatory network (GRN) plays an important role in the functional behavior of organisms. In a GRN, genes pass information among them. By the invention of DNA microarray technology, it has become possible to calculate gene expression level for large number of genes simultaneously. But the expression levels of these genes calculated by DNA microarray are insufficient to get the network structure. If we want to know the whole network then we need an efficient model to produce solutions and a population based algorithm to find the best suited solution. In this research work, to find the network structure of genes, an algorithm is proposed on the framework of S-system model and artificial bee colony algorithm. The experiment was carried out in noiseless, noisy as well as real datasets. And the result found was excellent. Here, in this research work we mainly focused on the accuracy of the network rather than reducing the number of parameters we are estimating.
Our future objective is to reduce the number of inferred parameters and also the time complexity. In GRN time complexity is very important because the number of population we are working is small (for 5 genes). But if we go for large scale networks then we might need more time and a large number of parameter to get a single data. Thus in future we shall work on the reduction of time complexity and number of inferred parameters. 
